Background: The aim of this study was to investigate long-term trends in smoking prevalence and its socioeconomic inequalities in Korea. Methods: Data were collected from 10 rounds of the Social Survey of Statistics Korea between 1992 and 2016. A total of 524,866 men and women aged 19 or over were analyzed. Age-adjusted smoking prevalence was calculated according to three major socioeconomic position indicators: education, occupational class, and income. The prevalence difference, prevalence ratio, slope index of inequality (SII), and relative index of inequality (RII) were calculated to examine the magnitude of inequality in smoking.
Introduction
Cigarette smoking is a major risk factor for various chronic diseases, such as cancer (including, most notably, lung cancer), coronary heart disease, stroke, and chronic obstructive pulmonary disease [1] [2] [3] . According to the Global Burden of Disease Study, there were a total of 8.1 million deaths across the world from tobacco use in 2017, comprising 7.1 million deaths from smoking, 76,000 deaths from chewing tobacco, and 1.22 million deaths from exposure to secondhand smoke [4] . In response to this problem, the World Health Organization has been actively carrying out the Framework Convention on Tobacco Control with the goal of achieving a tobacco-free world [5] . Although smoking prevalence has sharply decreased in high-income countries such as the US and the United Kingdom over the past decades, the decrease in smoking prevalence in low-and middleincome countries remains unsatisfactory [6, 7] . Despite the decreasing trend in smoking prevalence across the world, the number of smokers is expected to reach 1.1 billion by the year 2025 [6] .
Smoking prevalence is distributed disproportionately according to socioeconomic position (SEP) indicators such as education, occupation, and income, which in turn leads to inequalities in health outcomes. According to studies conducted in Western countries, a high smoking prevalence was observed among those with low SEP [8] [9] [10] [11] [12] [13] . The mortality rate from smoking was also higher in low-SEP individuals [9] . According to the study by Kivimaki et al., elimination of cigarette use in all socioeconomic groups would reduce the absolute difference in deaths from coronary heart disease by 43% [12] . A study conducted in New Zealand observed an increase in socioeconomic inequalities in total mortality, in which the increase in inequalities in causes of death associated with smoking, such as lung cancer, was found to play a major role [13] .
Studies have also been conducted in Korea to investigate socioeconomic inequalities in smoking prevalence. Various studies have found high smoking prevalence in both men and women with low SEP [14] [15] [16] [17] [18] [19] [20] [21] . The contribution of smoking in explaining absolute inequalities in total mortality was reported to be greater than that of other risk factors such as hypertension, diabetes, and obesity [22] . Furthermore, despite the enforcement of tobacco control policies, such as increases in tobacco prices, smoke-free policies for indoor areas, and pictorial warning labels on tobacco products, there are reports that the relative inequalities in smoking prevalence have increased in Korea [14, 18] .
Although studies have investigated trends in smoking prevalence and its socioeconomic inequalities in Korea [14, 15, 17, 18, 21] , most of those studies were conducted within a period of about 10 years, and no studies have yet been conducted using long-term data extending for more than 20 years. Study results on long-term trends in smoking prevalence and its inequalities can have very important implications for establishing the directions of future tobacco control policies. This study analyzed long-term trends in smoking prevalence and its socioeconomic inequalities among men and women in Korea during the past 25 years from 1992 to 2016.
Methods
This study was conducted based on multi-year crosssectional surveys in Korea representing non-institutionalized adult men and women. Time trends of smoking prevalence and its socioeconomic inequalities were explored.
Data
This study used data from the Social Survey of Statistics Korea, which are representative of national statistics. The Social Survey has been conducted annually since 1977 by Statistics Korea, the governmental agency for official statistics in Korea [14, 23] . The Social Survey contains 10 sections, including family, income and consumption, labor, education, health, environment, welfare, culture and leisure, safety, and social participation. The section on health is included on the survey once every 2-4 years. The sample was selected by a stratified probability sampling method. Since 2009, the annual target sample size has been about 37,000 members of 17,000 to 18,000 households that are sampled nationwide, which corresponds to half of the sample size of the years until 2008. The survey is carried out at the home of interviewees with face-to-face interviews by well-trained interviewers from Statistics Korea [23] . The response rates for the Social Survey have been about 70-80%. The Social Survey of Statistics Korea was the sole source of publicly available data suitable for investigating trends in smoking prevalence and its socioeconomic inequalities in Korea for a period of more than 20 years. Data were collected from 10 rounds of the Social Survey that included questions on health behaviors, which were conducted in 1992, 1995, 1999, 2003, 2006, 2008, 2010, 2012, 2014, and 2016 . Data before 1992 were not available at the time of this study. Study subjects were designated as male and female adults aged 19 years and above. The age of 19 is the minimum legal age for purchasing and smoking tobacco products in Korea. The total sample size for this study was 524,866 subjects, excluding subjects with any missing data regarding socioeconomic position and smoking status. A total of 3.2% of the original samples were excluded due to missing data for these variables.
Outcome variable
Current smoking status was used as the outcome variable. Because the Social Survey did not include a question on whether an individual had smoked over 5 packs (100 cigarettes) in his or her lifetime, individuals who responded "Yes" to the question "Do you currently smoke?" were defined as current smokers. The data needed to calculate pack-years were not available in the Social Survey.
Socioeconomic position (SEP) indicators
Education, occupation, and income, the most frequently used indicators in the literature, were used as SEP indicators in this study. The question "What is the highest level of education you have attained?" was used to determine educational attainment. Education level was divided into graduation from high school or less and graduation from college or higher. The question "What is your current occupation?" was used to determine occupation. The interviewees were asked to indicate their current position and type of occupation. The welltrained interviewers classified the type of occupation based on the Korean Standard Classification of Occupations. Occupational class was divided into manual, nonmanual, and others. Manual occupations comprised service workers; sales workers; skilled agricultural, forestry, and fishery workers; craft and related trades workers; equipment, machine operating, and assembling workers; and elementary workers. Non-manual occupations comprised managers, professionals and related workers, and clerks, and other occupations comprised the armed forces and groups with no income (housewives and students). In the Social Survey, respondents were asked to provide their total household income. Equivalized income, calculated by dividing the self-reported total household income by the square root of household size, was used to measure income. The equivalized income was then divided into three levels at the nearest tertile points to allow stable outcome calculations in consideration of the sample size for each year. Because information on income was only available in the data from 1999, 2006, 2008, 2010, 2012, 2014 , and 2016, analyses of smoking prevalence and its socioeconomic inequalities according to income were only conducted for the corresponding years.
Statistical analysis
Male and female adults aged 19 years and above were analyzed, with separate analyses conducted for male and female subjects. Age-standardized smoking prevalence was calculated for each year, and the 2005 population census was used for the standard population. According to Khang et al., changing trends in smoking prevalence and its inequalities in Korea varied by age [17] ; therefore, the age-standardized smoking prevalence was calculated for age groups of 19-34 years, 35-49 years, 50-64 years, and 65 years and above. Age-standardized smoking prevalence according to socioeconomic position was also calculated for each year. The slope index of inequality (SII) (for income) and prevalence difference (PD) (for education and occupation) were calculated to determine absolute magnitudes of smoking inequalities, using a binomial model with the identity link [24] . Meanwhile, the relative index of inequality (RII) (for income) and prevalence ratio (PR) (for education and occupation) were computed to measure relative inequalities in logbinomial regression analyses [24] . Using PROC GEN-MOD of SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA), the LINK IDENTITY option was used for PD and SII, while the LINK LOG option was employed for PR and RII. All analyses were conducted using weighted samples. The SII and RII were obtained by calculating the relative position using the cumulative distribution of the midpoint value of each age-adjusted group [24, 25] . Theoretically, SII is interpreted as the absolute difference in health status between the lowest-ranking and the highest-ranking groups [25, 26] . The RII is the ratio of prevalence between the highest-ranking group and the lowest-ranking group. The time trends of PR, PD, RII and SII were estimated by examining the p-values for an interaction term of the SEP indicators and the year variables in the statistical models. Since two educational categories were employed in this study, we only estimated PD and PR for education, rather than RII and SII.
Results
The general characteristics of the study subjects are presented in Additional file 1: Table S1 . There was a total of 246,096 men (46.9%) and 278,770 women (53.1%). The percentage of subjects aged 65 years and above increased each year. Among the total subjects, the percentage of subjects aged 65 years and above increased from 6.8% (1992) to 14.4% (2016) in men, and from 10.6% (1992) to 19.1% (2016) in women. There was a prominent increase in the percentage of subjects with an education level of college or higher, especially in women. The percentage of women with an education level of college or higher increased by approximately 3.1 times, from 13.8% in 1992 to 42.6% in 2016. The percentage of subjects with a non-manual occupation also increased among the total subjects; in men, the percentage increased from 18.1% in 1992 to 27.3% in 2016, and in women, from 10.4% in 1992 to 21.1% in 2016. Among the total study subjects, the number of smokers was significantly higher in men than in women. The percentage of smokers among the total subjects showed a decreasing trend over the years in both men and women. Figure 1 and Additional file 1: Table S2 present the trend in age-standardized smoking prevalence over time. Smoking prevalence in men and women decreased from 71.7% (95% CI, 71.1 to 72.2%) in 1992 to 39.7% (95% CI, 38.7 to 40.6%) in 2016, and from 6.5% (95% CI, 6.3 to 6.8%) in 1992 to 3.3% (95% CI, 2.9 to 3.6%) in 2016, respectively. There was an especially prominent decrease between 1999 and 2003 in men, of more than 10% during 4 years. Although smoking prevalence in women decreased during the 10-year period starting in 1992, it remained virtually unchanged for the next 10 years after 2003. Figure 2 presents the age group-specific smoking prevalence, with age groups of 19-34 years, 35-49 years, 50-64 years, and 65 years and above. During the past 25 years, smoking prevalence in men decreased in all age groups. Although smoking prevalence in men continued to decrease during the most recent 10 years in the age groups of 19-34 years and 65 years and above, it either remained stationary or showed a minimal reduction in the age groups of 35-49 years and 50-64 years. Although smoking prevalence in women aged 65 years and above showed a huge decrease from 24.1% (95% CI, 22.7 to 25.4%) to 1.9% (95% CI, 1.4 to 2.5%), smoking prevalence in women aged 19-34 years increased from 1.6% (95% CI, 1.4 to 1.9%) to 4.0% (95% CI, 3.2 to 4.8%). Smoking prevalence in women aged 35-49 years remained in the range of 3%, without significant changes in the past 25 years. Despite the decrease in smoking prevalence between 1992 and 2003 in women aged 50-64 years, there was no additional decrease in the following years. Figure 3 and Additional file 1: Table S2 present the age-standardized smoking prevalence calculated according to education level. In both men and women, smoking prevalence in participants who graduated from high school or less was higher than in subjects who graduated from college or higher, and this trend was consistent from 1992 to 2016. Between 1992 and 2016, smoking prevalence in men who graduated from high school or less and from college or higher decreased from 74.4% (95% CI, 73.8 to 75.0%) to 49.7% (95% CI, 47.9 to 51.4%), and from 62.0% (95% CI, 60.3 to 63.8%) to 34.3% (95% CI, 33.1 to 35.6%), respectively. Accordingly, the absolute difference in smoking prevalence between the two education groups increased from 12.4%p in 1992 to As shown in Fig. 3 and Additional file 1: Table S2 , between 1992 and 2016, smoking prevalence in women who graduated from high school or less and from college or higher decreased from 6.7% (95% CI, 6.4 to 6.8%) to 5.5% (95% CI, 4.5 to 6.5%), and from 3.0% (95% CI, 1.3 to 4.6%) to 2.1% (95% CI, 1.4 to 2.8%), respectively; there were no significant changes in the absolute difference, which decreased from 3.7%p in 1992 to 3.4%p in 2016. However, results on PD and PR showed significantly increasing trends of absolute and relative inequalities in smoking by education among women ( Table 1) . The PD for education in women increased from 1.3%p (95% CI, 0.9 to 1.6%p) in 1992 to 2.3%p (95% CI, 1.9 to 2.8%p) in 2016 (p for trend < 0.0001). The PR for education in women also increased from 2.18 (95% CI, 1.68 to 2.82) in 1992 to 2.89 (95% CI, 2.37 to 3.53) in 2016 (p for trend < 0.0001). Figure 4 and Additional file 1: Table S2 present the age-standardized smoking prevalence calculated according to occupation. In both men and women, smoking prevalence in participants with non-manual occupations was lower than in those with manual occupations. Between 1992 and 2016, smoking prevalence in men with non-manual occupations and manual occupations decreased from 63.0% (95% CI, 61.1 to 65.0%) to 35.0% (95% CI, 32.9 to 37.2) and from 76.9% (95% CI, 76.2 to 77.6%) to 45.8% (95% CI, 44.3 to 47.2%), respectively. Table 1 presents the PD and PR for occupational class (manual versus non-manual) in men. The PD for occupational class in men increased from 10.7%p (95% CI, 9.5 to 11.9%p) in 1992 to 11.9%p (95% CI, 10.1 to 13.6%p) in 2016 (p for trend = 0.0034). The PR for occupational class in men also increased from 1.16 (95% CI, 1.14 to 1.18) in 1992 to 1.36 (95% CI, 1.30 to 1.42) in 2016 (p for trend < 0.0001).
As shown in Fig. 4 and Additional file 1: Table S2 , between 1992 and 2016, smoking prevalence in women with non-manual occupations and manual occupations decreased from 6.4% (95% CI, 4.3 to 8.5%) to 1.9% (95% CI, 1.3 to 2.4%) and from 7.3% (95% CI, 6.8 to 7.8%) to 5.8% (95% CI, 4.7 to 6.9%), respectively; the absolute difference in smoking prevalence increased from 0.9%p in 1992 to 3.9%p in 2016. Table 1 also showed increasing inequalities in smoking by occupational class among Korean women. The PD for occupational class in women increased from 2.1%p (95% CI, 1.7 to 2.6%p) in 1992 to 3.0%p (95% CI, 2.3 to 3.8%p) in 2016 (p for trend < 0.0001). The PR for occupational class in women increased from 1.54 (95% CI, 1.20 to 1.98) in 1992 to 2.62 (95% CI, 2.05 to 3.34) in 2016 (p for trend < 0.0001). Figure 5 and Additional file 1: Table S2 present agestandardized smoking prevalence calculated according to income. Inequalities were found in smoking prevalence among income levels in both men and women throughout the study period. Between 1999 and 2016, smoking prevalence of the lowest and highest income levels in men decreased from 68.8% (95% CI, 67.7 to 69.8%) to 43.2% (95% CI, 41.6 to 44.9%), and from 63.6% (95% CI, 62.5 to 64.6%) to 36.5% (95% CI, 34.8 to 38.1%), Notes: The reference in estimating prevalence difference and prevalence ratio was college or higher for education and non-manual for occupational class respectively, and the difference tended to increase from 5.2%p in 1999 to 6.7%p in 2016. Among women, between 1999 and 2016, smoking prevalence of the lowest and highest income levels decreased from 5.1% (95% CI, 4.7 to 5.5%) to 4.1% (95% CI, 3.4 to 4.8%), and from 4.1% (95% CI, 3.7 to 4.5%) to 2.4% (95% CI, 1.9 to 2.9%), respectively, and the difference increased from 1.0%p in 1999 to 1.7%p in 2016. Table 1 
Discussion
This study investigated long-term trends in smoking prevalence and its socioeconomic inequalities in Korea The results of this study showed that smoking prevalence in both men and women decreased. Following the enactment of the National Health Promotion Act in 1995, various tobacco control policies, such as smokefree policies for large buildings, bans on tobacco advertising, anti-smoking media campaigns, smoke-free policies for all public places including restaurants, pictorial warning labels on tobacco products, and increases in tobacco prices have been actively pursued in Korea [14, 18, 27] . Smoking prevalence decreased in both men and women, particularly between 1999 and 2003, with a prominent change in the elderly groups of both sexes. This result suggests that the anti-smoking media campaigns featured through TV Star starting in 2000 were especially effective in elderly smokers [17, 28] . In recent years, the substantial increase in tobacco prices enforced in 2015 seems to have contributed to the decrease in smoking prevalence between 2014 and 2016.
Smoking prevalence decreased in men in all age groups; however, the decrease was especially prominent in the age group of 19-34 years and in the age group of 65 years and above. The decrease in smoking prevalence in the age group of 19-34 years reflects a decline in the smoking initiation rate, and therefore might demonstrate the effect of anti-smoking policies targeted towards teenagers in Korea [29] . Meanwhile, the decrease in smoking prevalence in the elderly age group can be interpreted as indicating that a greater number of elderly individuals discontinued smoking due to health concerns than was the case in the past, in accordance with changes in social norms, such as increased awareness via media campaigns [17] .
The results of the analysis presented herein showed that the age gradients in smoking prevalence among women were reversed over time. Specifically, while smoking prevalence in the elderly age group was higher than in the younger age group in 1992, this phenomenon was reversed in 2016. This phenomenon of reversal in the smoking prevalence according to age among women has also been observed in Japan [30] . Among women, smoking is closely associated with gender roles and social norms. A high smoking prevalence in elderly women has been commonly observed in Asian countries [17, [31] [32] [33] [34] [35] , which is contrary to the phenomenon observed in Western countries, where high smoking prevalence in women is observed in the younger age group [36] . Traditionally, the social stigma of smoking was powerful, especially in young women of childbearing age, and the social pressure upon them to quit smoking was predominant. However, elderly women were more liberated from such social pressures, especially patriarchal restrictions on women smoking, for many of them were either widowed or divorced [31] . Nonetheless, it appears that the trends in smoking prevalence among age groups observed in Western countries are appearing in Korea as well, in accordance with changes in the perceptions of women's gender roles and changes in social norms regarding smoking in young women [17, 31] .
Inequalities in smoking prevalence were present according to education, occupation, and income, and were continuously observed for the past 25 years in both Korean men and women. In particular, an increasing trend in the absolute magnitude of socioeconomic inequalities in smoking prevalence between socioeconomic groups was observed. Our analyses of PD and PR showed increasing time trends in both absolute and relative inequalities in smoking according to education and occupational class (Table 1) . Although previous studies conducted in Korea have regularly reported an increasing trend in socioeconomic inequalities in smoking [15, 17, 18] , this is the first study to report long-term changes in inequalities in smoking throughout a period of 25 years. This study also presents recent changes in the magnitude of inequalities in smoking; for example, the SII of inequalities in smoking according to income level decreased in both men and women between 2014 and 2016, and the RII also decreased in women (Table 1) . It may be possible to attribute this trend to anti-smoking policies (increase in tobacco price from KRW 2500 (USD 2.3) to KRW 4500 (USD 4.0) per pack, enforcement of smoke-free policies for indoor areas) implemented in 2015 [14] .
A strength of this study is that it is the first to report long-term trends of socioeconomic inequalities in smoking for more than 20 years in Korea. The Social Survey was the only available data source for the analysis of longterm trends in smoking prevalence and its socioeconomic inequalities in Korea. Additionally, we presented inequalities in smoking according to major three SEP indicators: education, occupation, and income. This study also has certain limitations. The variables used in this study were based on self-reporting. The self-reported smoking prevalence among Korean women may have been underestimated [37] . Furthermore, the information on household income may not have been optimal. However, prior Korean studies showed that self-reported income was a good predictor of health outcomes such as mortality [38] . In this study, we only presented time trends of inequalities in smoking. A decomposition analysis may provide additional information regarding the determinants of inequalities in smoking. In addition, analyses of other aspects of smoking behaviors such as smoking initiation, quitting, and hardcore smoking may provide detailed information on trends in smoking behaviors and their inequalities.
In conclusion, the smoking prevalence has substantially decreased between 1992 and 2016, especially among elderly Korean men. However, young Korean women recorded increases in smoking prevalence. Tobacco control policies to address these long-term trends of subgroup-specific smoking prevalence should be developed in the future. Although the smoking prevalence in Korea decreased between 1992 and 2016, inequalities in smoking were evident over the period. Both absolute and relative inequalities, measured by PD, SII, PR, and RII, increased despite the enforcement of various tobacco control policies since 1992, and these results therefore indicate that those policies were not effective in reducing inequalities in smoking prevalence. Our study results demonstrate the necessity of tobacco control policies designed to reduce inequalities in smoking, including additional increases in tobacco prices. Additionally, an investigation of long-term trends in smoking prevalence and its inequalities will provide a fundamental basis for determining the direction of new tobacco control policies to be implemented in the future.
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